INTRODUCTION
Domoic acid (DA) was the marine toxin corresponding for Amnesic Shellfish Poisoning (ASP) case in Prince Edward Island, Canada in 1987 [1] , and a microalgae Pseudonitzschia multiseries was identified as a causative organism [2] . Then, DA was known to be produced by at least 16 diatom species belonging to Pseudo-nitzschia genus [3] [4] [5] and Nitzschia navis-varingica [6] . After Canadian incident, no human poisoning corresponding to DA has been found, but this toxin has been found naturally in numerous planktivorous species [4] . DA is also often found to accumulate in organisms that are not filter feeding such as swimming crab [7] , squid and octopus [8, 9] , and in such cases, the origin of DA is not clear.
During investigation of DA in Nha Phu bay, Khanh Hoa province, Vietnam, we found a correlation of DA levels in S. versicolor and in plankton net samples with the abundance of Pseudo-nitzschia cell numbers [10, 11] . However, DA amount in plankton sample was always so small to be accumulated in the Spondylus [10] [11] [12] . Also, the time lag (about two weeks) between DA in S. versicolor and plankton sample could not explain well plankton origin of DA in this bivalve.
With the specimens collected Nha Phu bay, Khanh Hoa province, we presented some results on the occurrence of DA related substances in Spondylus versicolor in which DA accumulation was observed previously. This data may suggest an idea of another possible origin of DA in bivalves.
MATERIALS AND METHODS
Specimen collection: 10 specimens of S. versicolor were collected by SCUBA diving from Nha Phu bay, Khanh Hoa province, Vietnam in August, 2010. They were kept cool and transferred to the laboratory of Department of Biochemistry, Institute of Oceanography, Vietnam as soon as possible.
Extraction: After being removed the shells, whole tissues of each S. versicolor specimen were combined and homogenized with 4 volumes of distillate water, boiled in 5 minutes, and centrifuged (10,000 × g, 20 min) according to Quilliam, 2003 [13] . 1 mL of the crude extract thus obtained is equivalent to about 0. HPLC and ELISA analysis: The supernatant was analysed for DA by UV-HPLC according to Kodama and Kotaki [14] and expressed as µg/g of soft tissue for S. versicolor. The reference standard of DA (DACS-1C) was purchased from the Institute for Marine Biosciences, National Research Council of Canada (Halifax, NS, Canada). DA in S. versicolor crude extracts were analysed by ELISA using a DA specific antibody according to Takata [15] .
Electrophoresis and WESTERN Blot analysis: The same S. versicolor crude extract was applied into SDS-PAGE system (Bio Craft Model BE-220, double rooms) with 15% acrylamide separating gel in 1 hour and 30 mins. After that, one gel was stained with protein staining solution (Coomassie Brilliant Blue), while another gel was transferred into Immobilon-P Transfer Membrane (PVDF membrane; pore size 0.45 µm) by Trans-Blot SD Semi-Dry Transfer Cell (Bio Rad) in 100 mV in 1 hour and 15 minutes. Next, the membrane was incubated with DA-antibody in 1 hour with gentle sharking in room condition. Then it was stained with the 2 nd antibody IRDye680RD Goat (polyclonal) Anti-Rabbit IgG (H+L) in 1 hour in dark with gentle sharking in room condition. Image was taken by Odyssey Western Blot Blocker (LICORModel 2800) at wave length 700 nm.
RESULTS AND DISCUSSION

Fig. 1. HPLC chromatograph of S. versicolor
extract No. 1 and DA standard Fig. 1 showed the HPLC chromatogram of a S. versicolor extract and DA standard. A clear peak identically corresponding to DA standard was obtained in the S. versicolor extract. In addition, the occurrence of another peak was always observed with a retention time of less than 1 min earlier than that of DA itself. DA was originally isolated from a macro red algae Chondria armata as an insecticidal agent [16] . Its derivatives (iso-domoic acids A, B, C, G and H) were also isolated from the same algae [17, 18] , but none of them have been found in the extracts of planktons or shellfish tissue. Other derivatives were isolated from toxic shellfish and a causative diatom Pseudonitzschia multiseries (e.g. iso-domoic acids D, E, F and 5 ' -epi-DA) [19, 20] . But these derivatives have been known as geometrical isomers of DA and are not considered to be de novo products of the plankton. In HPLC analysis of shellfish extract, iso-D and E often appeared about 1 min 30 sec to 2 mins earlier than DA itself due to the difference of their molecular weights [13] . Kotaki [21] also reported the occurrence of some DA isomers such as DA isomer A, B, C and D from the Pseudo-nitzschia genus in tropical area. However, the peak in the present study was so high in comparison with the peaks of DA isomers which often occurred in Spondylus extract [22] . Table 1 showed the results of ELISA and HPLC analysis of DA in crude extracts of 10 Spondylus specimens. As shown, 9 out of 10 ELISA results showed significantly higher (mean: 1.65, n=10) levels of DA than those in HPLC results, strangely. According to Takata [15] , there is a high correlation between ELISA and HPLC method in DA analysis (R= 0.902; n=100). So, the difference in DA amounts of S. versicolor obtained by HPLC and ELISA was affected by unknown factors rather than analysis method. On the other hand, peak of unknown substances was not detected in the Spondylus extracts which have no presence of DA. Interestingly, such extracts were negative in DA-ELISA analysis (data not shown). From these, it could be considered that the unknown substance detected by HPLC was the same substance which reacted with DA antibody in ELISA. Fig. 2 showed the results of the electrophoresis gel after being dyed with Coomassie Brilliant Blue (CBB) (a) and the PVDF membrane after Western Blot (b). There is a clear band which reacted with specific antibody against DA (Fig. 2b) . From the distance among the bands in Fig. 2 , it is noticed that this band is not corresponding to any protein bands in the gel being dyed with CBB. Also, although this band reacted with specific antibody against DA in Western Blot, it could not be DA itself, because DA molecular weight is too low (311daltons) for remaining in the PDVF membrane during membrane transferring process. This substance is not also an isomer among the known DA isomers which often found in shellfish extract, as DA antibody almost does not react with these isomers [15, 22] , the substance may not a protein, as from the result of SDS-PAGE, no corresponding band to standard proteins was observed.
Fig. 2. SDS-PAGE of Spondylus versicolor extract (a) dyed with Coomassie Brilliant Blue and (b) Western Blot of SDS-PAGE gel
Moreover, supporting this assumption, almost all proteins may be destroyed at high temperature during the extraction process in our experiment. Western Blot data could explain well why always ELISA showed higher amount of DA than HPLC. In fact, the ELISA result is included both DA and such a substance reacting with DA-antibody. Further investigation of isolation and identification of chemical feature of the substance is under progress. Kodama (2000) [24] reviewed that tetrodotoxin and saxitoxin are intermediate products of biosynthetic pathway, in which final substances are essential amino acids (lysine, arginine …) in the living organisms. S. versicolor was reported as a specific species to accumulate DA in tropical regions [23, 10] . However, mechanism of toxin accumulation in this bivalve is still unclear. In case of Pseudonitzschia, Ramsey (1998) [25] reported that DA was assembled by condensation of two separate precursor units, both originating from acetate, but derived by different pathways (TCA cycle and GAP-pyruvate). Kodama et al. (1985) [26] found the presence of TTX secreting glands in the skin of toxic puffer. It was indicated that puffer cannot get any benefit from TTX, moreover, this substance may be also toxic to puffer, therefore, highly toxic specimens tried to release toxin as much as they can. It may be true also in case of DA, when Spondylus bodies accumulate DA in a high amount, this animal may try to excrete this toxin [26] . From this, it is possible that DA is not its internal substance of Spondylus species. Instead of that, unknown microorganisms living in Spondylus tissues or cells may metabolize a certain substance into other secondary substances such as DA. Our future research is going toward this direction for clear understanding on pathway of DA in nature organisms.
CONCLUSION
There is co-occurrence of the unknown substance with domoic acid (DA) in the thorny oyster Spondylus versicolor collected in Nha Phu bay, Khanh Hoa province, Vietnam. This substance could bind well with DA specific antibody, interestingly. However, it was not either any DA known isomers which were often found in DA producing plankton or shellfish nor protein. 
